Abstract-The activities of AADC and MAO were measured in kidney, liver, brain and heart of the rat at neonatal to senescent stages. Rapid neonatal increase to adult level in the specific activity of AADC was observed in the kidney, liver and brain.
The total activity of AADC per organ continued to increase in the brain for 3 weeks after birth and for 20 weeks in the kidney and liver.
In the heart, the specific activity of AADC increased up to the 10th day after birth and decreased to the mature level during the next 10 days.
Senescent decreases both in specific and total activities of AADC were observed in all organs examined. Neonatal increment to adult level in the specific or total activities of MAO in kidney, liver and brain was observed. Senescent decrement in specific and total MAO activities was demonstrated in the kidney, while significant changes in liver and brain were not observed.
The MAO activity in heart continued to increase in linear fashion for 70 weeks after birth. The concentration of 5HT in kidney, liver and brain of the 10 day-old rats was much less than that in the adult.
Senescent decrease of 5HT contents was not evident in any organ examined. These findings suggest the age-related change of physiological condition of amine metabolism.
The age-related change in monoamine metabolism has been discussed as a possible subclinical status of age-related neurologic disorders such as Parkinson's disease found among middle-aged or aged people (1) . Further, therapeutic use of L-dihydroxyphenyl alanine (L-DOPA) (per os) in treatment of Parkinson's disease has thrown light on the amine precursor metabolism in whole body as L-aromatic amino acid decarboxylase (AADC) and monoamine oxidase (MAO), which catalyze the synthesis of amine from the precursor aro matic amino acid and catabolism of amine, are widely distributed in animal tissues (2) and human liver, kidney, heart, lung and brain (3, 4) . This age-related change of monoamine metabolism in whole body is likely to exist with administration of 5-hydroxytryptophan (5HTP) in the treatment of mongolism (5), in which the dosage of 5HTP must he increased along with advancement in the patient's age in order to be effective. Thus the age-related change in AADC and MAO activities, not only in the brain but also in peripheral organs, appear to be significant in relation to age-related physiological state of amine metabolism and therapy with amine precursors.
MATERIALS AND METHODS
Wistar strain rats at zero day (on the day of birth), 5 days, 10 days, 21 days, 6 weeks, 20 weeks and over-70 weeks of age were used. Pregnant rats and 3 week-old rats (pur chased) were housed in the laboratory.
Newborn rats within 12 hours after birth were used as zero day rats. Categorized as 70-week-old rats were those from 72-94 weeks of age.
All rats were sacrificed by decapitation. Kidneys, liver, brain and heart were re moved, weighed and homogenized in 9 volumes of 25 mM Tris-HC1 (pH 7.4) with Teflon glass homogenizer. The homogenate was centrifuged at 12,000,< g (RC2-B Sorvall SS-34 rotor, 10,000 rpm) for 20 min at 4'C. The supernatant fraction was assayed for AADC activity as described by Lovenberg (6) . The pellet was re-homogenized in 0.9 % KCI and used as a particulate fraction. MAO activity was measured with this preparation by the method of Wurtman et al. (7) .
Protein concentration was determined as described by Lowry et al. (8) , using bovine serum albumin as a standard.
The levels of 5HT in tissues were measured by the method of Bogdanski et al. (9) .
RESULTS

Weight and protein content of tissues
Rapid increase in tissue weight up to the 21st day after birth was observed in the organs examined. Protein content of soluble or particulate fraction also increased rapidly during 
Total activity of AADC
The AADC activity per organ was calculated as the total activity of AADC as shown in Fig. 2 . The total activities of this enzyme revealed rapid increases in kidney, liver and heart by the 20th week, and in brain by the 3rd week.
These increases coincided with those in specific activities, and with those in protein contents per organ which continued unchanged after this period, while the total AADC activities decreased at the over 70 week stage.
Specific activity of MAO
The specific activity of MAO in the particulate fraction of tissue homogenate was mea sured in the various stages (Fig. 3) . Neonatal increment in the specific activity of this en zyme was observed in all tissues examined. Over 70 weeks of age a slight decrease in the specific activity of this enzyme was observed in kidney, while there was no significant change in liver and brain, yet a marked increase in the heart was revealed. Early postnatal increase in the total activity of MAO in particulate fractions was general and corresponded to the increase in protein contents (Fig. 4) . Total activity of this enzyme in the brain, kidney and liver was highest at the 20th week.
In the over 70 week stage this was slightly reduced in kidney yet a high level was maintained in liver and brain. Conti nuous and marked increase in the total activity of MAO was observed in the heart through out the length of life examined.
5-Hy(1rox -i)ti.vptannine (5HT) levels and enzyme activities
The level of 5HT (,ng/g) and the enzyme activities represented as It moles products/ gram of tissue/hr are summarized in Table 2 . Low levels of 5HT on the 10th day after birth were compared with levels at 6 to 20 weeks of age. Neonatal development in 5HT levels in brain, liver and kidney was observed. The 5HT level reached a maximum in the brain at the 6th week, in the liver at the 20th week and continued to increase in the kidney for over 70 weeks. The data on AADC activity per gram of tissue of the kidney, liver and brain also de monstrated obvious neonatal increase and senescent decrease. MAO activity per gram of tissue was low on the 10th day after birth as compared to the 6th or 20th week. In the senescent stage, a decrease in MAO activity was observed in the kidney. In the liver, how ever, the highest activity was observed at the 6th week.
No age-related change in MAO activity was observed in the liver and brain after the 20th week.
DISCUSSION
In this study, neonatal increment to adult level in 5HT contents, AADC and MAO activities of the brain, kidney, liver and heart and senescent decrement of AADC in these organs were demonstrated in the rat.
Reports have termed the over 20-month old rats as `aged' rats (10) . Although there are variations in the strain proper life span, the 72 to 94 week-old rats used in this study were taken to he in the senescent stage of life.
Initial rise of specific activity of AADC was completed by the 3rd week after birth, in the kidney, liver and brain. This phenomenon implied that the rate of increase of AADC enzyme protein amount at this stage was faster as compared with the other soluble protein components. The specific activity of AADC in developing heart first increased, then showed a drastic decrease between 10 and 21 days, after birth. The constant total activity of AADC at this stage indicates that certain AADC-rich organelles completely develop earlier than the other AADC-lacking part of the organ. The total protein of heart was on the increase at this stage, while completion of network formation of sympathetic nerve terminals by the 12th day after birth and a prominent feature of mast cells in heart at early postnatal age have been reported (11) . Therefore, it is hypothesized that the growth of AADC-lacking myocardium weakened the activity of AADC, presumably localized in peripheral sympathetic nerve terminals and or in mast cells. General decrease of the specific activity of AADC in the senescent stage was first reported in this study. Since to tal soluble protein contents of the organs were almost constant after the 20th week, factors responsible for the decrement in AA DC activity cannot be attributed to weakening of this enzyme by other soluble proteins but rather to impaired activity of the enzyme by senes cence, or by the reduced amount of enzyme protein which is undetectable.
The increment in specific activity of MAO was observed in developing kidney, liver, brain and heart, while the reduction of the specific activity of MAO was manifest only in the kidney of aged rats. In the heart, the highest specific activity of this enzyme was ob served in the senescent stage through the life. Changes in the specific activities of these enzymes are assumed to be a manifestation of multiphasic, age-related changes of cell structures.
AADC and MAO activities calculated as amount of product/hr/weight of organ may be parameters referable to amine contents calculated as amount of amine/weight of tissue.
Neonatal development in 5HT contents in kidney, liver and brain coincided with the increase in AADC and MAO activities in these organs. These data are in agreement with that par tially reported on brain 5HT (12-17), brain AADC (14, 15, 17) , brain MAO (13, 14, 17) , liver 5HT (18), liver MAO (18), kidney 5HT (19) and kidney AADC (19) . Despite the considerable decrease in AADC activity in aged rats, 5HT levels were apparently unchang ed in the brain and liver. In the kidney, rather increased 5HT levels in tissue with the reduced AADC activity were observed, presumably due to reduced MAO activity. The reduction of AADC in the senescence appeared to have no effect on the 5HT level in situ.
A report was recently published (20) , which demonstrated the low striatal dopamine (DA) level, reduced incorporation of 3H-DOPA into brain DA and NE, and slow turnover of hypothalamic and striatal 3H-DA and hypothalamic 3H-NE in the aged as compared with adult mice. These data strongly suggested that reduced synthesis and catabolism of monoamines exist in senescence. Reduced AADC and MAO activities per unit weight of brain in senescent rats are presumably the enzymic basis for this phenomena. An age related change in DOPA decarboxylase activity under a co-factor excess condition was not reported in the same paper (20) . Discrepancy between these data may be the fact that the different species used may have a different co-factor metabolism or different mode of co factor enzyme interaction.
The total activity of AADC or MAO in peripheral organs is related to dosimetry of amine precursors. The increase in total AADC activity in developing kidney and liver is one of the most predominent increases observed in the whole body. This may offer di rect evidence for the increased peripheral AADC capacity which is suggested by the fact that the brain 5HTP uptake is minimized along with early postnatal aging (30) . From the view point of the therapeutic effect of amine precursors, decrease in total liver and kid ney AADC activity in the senescent animals may favor the effective utilization of amine precursors in brain, however, brain AADC activity itself declines in that stage. Thus it is postulated that change of total AADC and MAO activities may form and irregular valance of these enzyme activities as compared with that in adult (20 week-old) animals. Further, side effects of the amine precursor should be examined under the age-related condition.
Conclusively, we would like to suggest that neonatal increase in AADC and MAO activities and senescent decrease in AADC activity in central and peripheral organs may be a mani festation of the age-related physiological state of amine metabolism and possible age-re lated changes in enzyme activities of tissues in humans should be considered when amine precursors are used for the purpose of therapy.
